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FIRm evidence is now available that sudden fatal pulmonary throm-
boembolism occurring in patients who have undergone major sur-

gical operations is safely preventable. It is unnecessary to restate the
frequency and gravity of this major complication of surgery. Coon
and Willis in i9591 estimated that 57,ooo deaths from this cause occur
in this country alone annually; this is in my opinion a rather conservative
estimate. Others have reported an incidence of 2 to 6%.

Before presenting the evidence I should like to describe the most
significant observations and studies which led to the present routine of
heparin prophylaxis for the prevention of fatal thromboembolism. I did
not deliberately seek a solution to this problem but was led to it step by
step while attempting to explain a histological observation.

In I956 I first observed a cellular phenomenon, until then unknown
to me, in a case of rapidly fatal thrombotic thrombocytopenic pur-
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pura.2 I instituted a number of studies, which convinced me that I had
been observing the pulmonary megakaryocyte.3 4 I soon found out
that the cell was first observed by the famous German pathologist
Aschoff in I893 ;5 he had expressed the opinion that these normal bone-
marrow cells occasionally escaped intact into the venous circulation
and, because of their large size, were trapped in the pulmonary capil-
laries. Aschoff described this as an end-stage or "effete" phenomenon
of no significance. The escape concept was questioned for some time,
but through our studies and those of other investigators it has gained
acceptance.6 Our subsequent investigations7 soon disclosed that these
cells could be observed normally in the pulmonary capillary bed of man
-even in unborn fetuses, newborn children, and at all later stages.

The pathologists of the Bronx Zoo kindly allowed me to study
the pulmonary histology of their mammals and birds; a similar phe-
nomenon was found in all the mammals. It was evident that the cells,
because of their large size, are found routinely in all stages of fragmen-
tation in the pulmonary capillary anastomoses, being squeezed into
them by the pulsations of the right heart. The cells often emerge as
casts of the capillaries8 and as fresh platelets, which enter the general
circulation. In most individuals a search of several high-power micro-
scope fields is necessary in order for one such cell to be discovered.

In I959 I reported" that patients who had died of thrombotic
disease frequently revealed a marked increase in such entrapped mega-
karyocytes in the lungs; as many as i0 or 12 of these cells were found
in every high-power light microscopic field. How this increase came
about was not clear at that time. It was surmised that the sudden ac-
celerated heart action which occurs in stressful situations might force
a more rapid disintegration of the cells and might thereby cause a fresh
thrombocytosis, releasing a platelet factor as yet unknown and pro-
ducing the hypercoagulable state and thrombosis. It became desirable
to test this hypothesis and to determine whether the blood in the left
ventricle contained more platelets than the right ventricle, the platelets
having been derived from the pulmonary megakaryocytes. A careful
study of 2o rabbits was undertaken.'0 The first io rabbits, studied dur-
ing the spring and summer, revealed no significant difference in the
platelet counts of blood taken from the right and left ventricles. The
second i0 rabbits, examined during the winter, revealed a most marked
difference; blood drawn from the left ventricle at times contained twice
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as many platelets as did blood taken from the right ventricle. This
seemed strange. It could be concluded only that the pulumonary
capillaries of the animals studied in winter had many more trapped
megakaryocytes and that these gave off platelets. No explanation was
then at hand. Later it became clear that during winter the animals were
housed in unheated quarters and were in a state of immobility; they
were hibernating in the cold. After the accumulation of megakaryo-
cytes was confirmed by microscopic examination, it was concluded
that the inactivity of hibernation had slowed the heart and thereby
had slowed the breakup of the entrapped megakaryocytes. This was
considered the priming mechanism for the period of stress which fol-
lowed in examining the animals, thus causing the thrombocytosis.

It now became desirable to determine whether similar thrombocy-
tosis and altered coagulation could be observed in man. The patient
undergoing the stress of a major operation was deemed to be a good
experimental subject. With the cooperation of our surgeons a study
was made of 4I patients undergoing major surgical operations; platelet
counts and Lee-White coagulation tests were performed before, dur-
ing, and immediately after operation and daily thereafter until discharge
or death. There were three deaths and two autopsies. In all three fatal
cases the most significant increase in platelets and an acceleration of
whole-blood coagulation to abnormal levels occurred during the height
of the operation. The remaining 38 patients disclosed a less-marked
thrombocytosis and a shortening of coagulation times to the lower
limits of normal. Of the two autopsied patients one had massive pul-
monary thromboembolism; the other had coronary-artery thrombosis
and acute myocardial infarction. The third fatality occurred in a
s8-year-old male. The course was typical of pulmonary thromboem-
bolism: sudden death on first leaving bed after a gastrectomy.11

Clearly it was impossible to determine in advance which operative
patient might harbor an increased number of entrapped pulmonary
megakaryocytes that could lead to thrombocytosis during the stress
of surgical operation. Although thrombocytosis could not be prevented,
perhaps the hypercoagulability could be anticipated and the blood
maintained at normal levels of coagulation in order to prevent throm-
bosis. Since coagulation levels in the 38 persons who did not have
thrombosis had remained normal and were not far from the abnormal
levels observed in the three fatal cases, it was believed possible that
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small quantities of anticoagulant would suffice to maintain normal
coagulation.

Aqueous sodium heparin was chosen as the anticoagulant which
would best meet the need. Heparin, a natural substance, does not in-
terfere with the healing of wounds. It has predictable limited action,
is not affected by other medication, and is readily inactivated by pro-
tamine sulfate. A trial of heparin was begun in August i960. The drug
was given subcutaneously in small doses before and after operation to
patients in the experimental group. There were two control groups:
the first received postoperative heparin only, the other did not receive
any. The results were striking.12 The patients were of both sexes and
averaged 6o+ years. The operations were the usual surgical procedures
performed in a community hospital: e.g., intestinal resection, cholecys-
tectomy, hysterectomy, insertion of pins and prostheses into the hip,
gastrectomy, and herniorrhaphy. Except for the nonheparinized group,
all patients were considered to be at risk. Each member of the experi-
mental group of 140 patients was given io,ooo units of aqueous sodium
heparin subcutaneously at about midnight on the night before the opera-
tion and 2,500 to 5,ooo units postoperatively every six hours until dis-
charge from the hospital. The first control group of 92 individuals was
usually given 2,500 units of heparin subcutaneously every six hours post-
operatively only until death or discharge. The second control group,
consisting of I,396 individuals not considered at risk, was given no
heparin. In the experimental group there were nine deaths, but without
clinical or postmortem evidence of pulmonary thromboembolism. In the
two control groups, however, fatal pulmonary thromboembolism was
found in 62.5% and 68.i% respectively of the patients who came to
autopsy. The difference between the treated group and the control
group was overwhelming. The preoperative and postoperative use of
heparin was introduced as a routine and has been continued up to the
present time.

The administration of heparin was controlled by determinations of
coagulation time. Initially the Lee-White method was used chiefly. But
after a simultaneous trial'3 the Dale and Laidlaw coagulometer14 was
found to be simpler and more dependable. The results were repro-
ducible and the procedure required only a small drop of fingertip blood,
drawn at the bedside. Accordingly the Lee-White method was aban-
doned. The Dale and Laidlaw method has a normal range of I ½2 to 2 V2
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minutes. The purpose was to maintain coagulation in this range. Coagu-
lation times are determined preoperatively, immediately after operation
and daily before the next noon dose of heparin. The dose is adjusted
if necessary according to the determination. With this control, and with
the use of small doses, hemorrhage was seldom a problem. 16

Now, after io years, there has been a total of more than 1,450 suc-
cessful heparinizations and only two failures as confirmed at autopsy.
The failures were unusual, identical, and instructive. Both were cases of
fractured hip, one in a man of 74, the other in a woman aged 96. Both
patients were immobilized for eight days and were not given heparin
until just before operation. As a result we have learned to give heparin
to such patients upon admission and follow with the preoperative rou-
tine that has been described.

Others are now reporting similar success with the same or a slightly
modified prophylactic program in which small doses of heparin are
given subcutaneously. A Johannesburg surgeon writes17 that he has had
no fatal thromboembolism in i,004 cases. All other successful studies18-22
have been reported in the Larncet in the past two years. These are con-
trolled studies in which the 1123 fibrinogen uptake test is used to de-
termine the presence of deep venous thrombosis in heparinized and non-
heparinized surgical patients. In these trials success is determined not by
the rate of fatal pulmonary thromboembolism but by the prevention
of thrombosis in the veins of the lower extremities.

The problem of sudden unexpected death due to pulmonary throm-
boembolism has long defied our best efforts. Our program offers great
promise of safely eliminating this obstacle.

One final comment is in order. It appears that the triad originally
proposed by Rudolf Virchow to explain the development of thrombosis
is still valid. The components are stasis of blood, vascular alteration, and
intrinsic changes in the blood. I offer the opinion that the last element
in this triad-hypercoagulation-is most critical.
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